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Chirality in noncovalent assemblies springs from either asym-
metric arrangements of achiral molecules and/or the presence of
chiral components. Concerning the latter examples, it has been
shown that, in spite of the removal or substitution of chiral
components with achiral ones, certain supramolecular species still

retain the imprinted chirality- 14 For these systems, now, chirality e N en
is an intrinsic property of the supramolecular memory systems " a) M=2H: H,T4 ’ b) M = 2H: H,TPPS
(SuMeS). The ability of these SuMeS to store chiral information M = Cu(ll): CuT4 M = Cu(ll): CuTPPS

mainly originates from their kinetic inertness: they do not reach
the lowest thermodynamic level but remain trapped in local,
intermediate thermodynamic minima. The stored chiral information
can be removed by overcoming the activation enefgy ¢f the
intermediate statewith increasing temperature (B, is high) or

just with time (if E; is low)—but once removed, chirality cannot
be restored anymore. Here we show that, by taking advantage of
the remarkable properties of SuMeS built with opposite charged
porphyrins and using tailored components, it is possible to Scheme 1
accurately design supramolecular systems for which it is possible
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to perform a complete cycle of imprinting, storing, releasing, and ) .Kfo\(a _aH O\/D\(O
a P —

c) H,TPyP
Figure 1. Schematic representation of the porphyrins.

restoring of the memorized chirality. a = a
We have recently published some examples of SIAIéS ka. AN Q/KO

formed by achiral tetra-cationic ¢4 and its planar metallo H+ «
derivatives, Figure 1&) and tetra-anionic porphyrins ¢HPPS, HgTpyP 4 H,TpyP
Figure 1b). Their aggregation in pure water does not lead to chiral
species. However, addition (for example) of CuT4 andPPS to —0
an aqueous solution containing a chiral template (such as co¥alent =1
or noncovalerftamino acid polymers) leads to porphyrin chiral ) S e 0 e
SuMe$? In particular, it has been recently shown that they retain ——y —

. . §-==+ cationic porphyrins
a chiral structure (an helix) even after removal of the noncovalent =9 monomers
chiral templaté® The main features of these complexes include —— ' ==} anionic porphyrins
the following: (i) their formation is driven by the electrostatic —1 (-0 neutral porphyrins

interactions between the tetra-cationic and tetra-anionic porphyrins;

(if) they are kinetically inert (their memory lasts for many years) ¢onceptual viewpoint more multifaceted) step is the reassembly of
and thermodynamically stable (they resist up t0°8); and most e chiral supramolecular porphyrin complex. Apparently, “switch-
importantly, (iij) they are very efficient templates for their own g o the electrostatic interactions by reprotonating the foaso
self-propagation: addition of the achiral porphyrin monomer to a pasic groups (Scheme 1a) should lead to #échiral complex

13 ; i ifi - L .

10"**M solution 01;the SuMes leads to an enantiospecific growth peyeen the two porphyrins because the chiral information should
yield close to 1009. o _be lost after the erase reaction (Scheme 2, route a). Yet, recalling
The relationship between these properties is relevant because iihat the SuMeS are (a) kinetically inert and (b) excellent chiral
led us to design a new, but very similar, system for which it i empjates for their self-propagation, it is conceivable that (a)
possible to imprint, store, release, and restore chirality. deprotonation of the four acid groups should be slow and then retard

An easy way to “erase the memory is by §wltChln9 off” the _ the complete destruction of the chiral assemblies, leaving small
electrostatl(; interactions that hold the por.phyrln aggregated. This amounts of chiral seeds (Scheme 2, route b), and (b) this lasting
can be achieved by replacing the four cationic groups imiso amount of chiral seeds is enough to promote the formation of the

position with fourionizable cationic (acid) groups (Scheme 1a).  chira| supramolecular complex (Scheme 2, route b). Therefore, route
Deprotonation of the four pyridines causes the loss of the positive |, should be prevalent over route a (Scheme 2).

charges (Scheme 1a) and consequently the disassembly of the 14 make the formationdestruction of the complex reversible,

supramolecular complex (Scheme 1b). The next (and from a e have substituted CuT4 (Figure 1a) with the free base of the
t Universitadi Catania. nor!-methyla.ted analogous, FPyP (Figure 1c). Protona.ti.on of the
*1stituto di Biostrutture e Bioimmagini-Sezione di Catania. peripheral nitrogen atoms Kp ~ 4) induces four positive (K
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15 120 structure when pH is lowered to 2.3 (Scheme 2, route b). The
ace 3 existence of these seeds can be inferred from the observation that
10 - 7y \ 203 80 the reassembly cycles of or b-Phe-imprinted aggregates lead to
' 0.4 retention of the CD mirror image relationship. An even more direct
-40 evidence of the chiral seeds comes from experiments having this
rationale: the supposed chiral seeds are inert; however, at pH 9,
0Ae there must be a time after which they dissociate, eventually. From
this moment on, chirality will not be reversible anymore, and the
.40 system will reassemble in a nonchiral fashion (see route a in Scheme
2). Therefore, we kept various solutions of the imprinted aggregates
.80 at pH 9 (that is in the “disassembled” state) for 2, 4, 6, 8, etc.
. hours before reassembling them (lowering the pH to 2.3). The chiral
— : | 120 assemblies have been successfully rebuilt lowering the pH to 2.3
350 400 a0 500 550 for up to 20 h, but after 24 h at pH 9, lowering the pH to 2.3, the
X (nm) CD is not restored anymore because the chiral seeds are now
Figure 2. CD spectra of SuMeS at pH 2.3 (a, ¢, €) and 9 (b, d, f) for the disassembled.
L- andp-imprinted aggregates. The inset reports the absorption spectra at  |n conclusion, we have reported here an example of a totally
pH 2.3 (2) and 9 (b), respectively. For the sake of simplicity, we report  oncovalent memory system able to cycle between “written” and
only two absorption spectra. w . ; .
erased” states. We think that this example opens the route for a
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Scheme 2 general approach and new pathways to design systems able to
_ — memorize imprinted chiral information and successively cycle
=0 = T between erased and rewritten states.
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